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).Summary The aim of the study was to evaluate the prevalence, the covariates and
determinants of respiratory pauses during sleep in a sample of French middle-aged
males.
Study subjects were 850 active males, aged 22–66 years; 88.4% of them answered
the question on breathing pauses during sleep from a structured, validated sleep
questionnaire.
Forty-one ( ¼ 5.4%) subjects reported breathing pauses at least once a week;
these
’ ’
positive responders’’ were older, heavier and had larger neck- and waist
girths as compared to subjects with negative answers. Loud habitual snoring, various
sleep disturbances, excessive daytime sleepiness, a doctor diagnosis of sleep
apnoea, history of stroke and hypertension were significantly more frequent among
subjects with breathing pauses during sleep.
The prevalence found in this survey was close to that reported from the UK
(5.2%). However, by logistic regression, we identified novel determinants of
breathing pauses i.e. habitual snoring, loud snoring, and excessive sleepiness,
factors well known in clinical setting, but never previously reported in epidemiologic
studies.
& 2005 Elsevier Ltd. All rights reserved.Elsevier Ltd. All rights reserv
ench National Institute of
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Sleep apnoeas are defined as cessation of airflow
for at least 10 s.1 The standard technique of
measurement is polysomnography (PSG),2 but
this is an expensive, work-intensive method, not
suited for widespread screening purposes.3 Surveys
using laboratory PSG in epidemiological setting
require important staff and financial means.4,5ed.
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Sleep breathing in French males 1269Consequently, most field studies use questionnaires
for ascertaining respiratory pauses during slee-
p—an indirect indicator of sleep apnoeas. Some
studies on breathing stops during sleep reported
significant ethnic differences,6,7 suggesting that
results obtained in one group cannot be extra-
polated to another population. The first objective
of our study was thus to assess the prevalence of
breathing pauses during sleep in a sample of
middle-aged men from north-eastern France using
a structured questionnaire8 as no information was
available for this population. Many factors have
been found to be associated with breathing stops
during sleep, and most of these are inter-related;
multivariate analysis is indicated to identify the
factors independently associated with the out-
come. However, this technique was applied in only
three previous studies, of which only one in
Europe7,9,10 and the factors identified were not
the same. The second objective of the present
study was therefore to apply logistic regression to
our results in order to identify the determinants of
the outcome under study in our population.Methods
Subjects
Three samples of active male subjects from our
region (north-eastern France) were studied: 299
employees of a local university, 201 subjects
attending a Regional Centre of Preventive Medi-
cine, and 350 employees of an urban transport
company. The 850 volunteers represented 72.2% of
the subjects approached.
The study protocol was approved by the Regional
Ethics in Medical Research Committee.
Study design
The study was cross-sectional. A personal invitation
letter was sent to each eligible subject, explaining
the purpose and methods of the study, stressing the
non-invasive procedure and the anonymous proces-
sing of the results. Written consent was obtained
after this detailed explanation.
Protocol
The subjects self-completed with assistance
of the spouse or bed partner a French version of
the 19924 32-item Wisconsin Sleep Questionnaire.
The previous validation by our group indicated
very satisfactory internal consistency (alphastatistic ¼ 0.81) and reproducibility (k ¼ 0:75) of
the question on stop breathing during sleep.8 The
main outcome in the present study was the answer
to question number 10:
’ ’
According to what others
have told you, how often do you seem to have
momentary periods during sleep when you stop
breathing or you breathe abnormally?’’ The possi-
ble answers were (1) never; (2) rarely—once a few
times; (3) sometimes—a few nights per month; (4)
often—at least once a week; (5) very often; (7) not
sure. We accepted as
’ ’
positive answers’’ in the
analysis the responses 4 or 5 ( ¼ breathing pauses
at least once a week); the negative answers were
responses 1 or 2; subjects answering
’ ’
sometimes’’
or
’ ’
not sure’’ were excluded from the analysis.
Height and weight, neck-, waist-, and hip-girths
were measured using standard methods by one
observer; from primary data we computed the Body
Mass Index (BMI, kg/m2) and the waist-to-hip ratio
(W/H), an index of central obesity.
Data analysis
Continuous variables were analysed by ANOVA, with
Mann–Whitney test if inhomogeneous variances;
proportions were assessed by the w2 test. Univari-
ate associations were assessed by odds ratios (with
95% confidence intervals and Mantel–Haenszel
adjustment if relevant); the Fisher exact test was
used if expected values were less than 5. To
identify the independent determinants of the
studied outcome we applied a logistic regression
(stepwise forwards and backwards) model. Statis-
tical analysis used the Stata Statistical Software,
release 5.0.11Results
Among the 850 subjects completing the question-
naire, 99 ( ¼ 11.6%) lived without a partner or did
not answer the question about breathing pauses
during sleep and were excluded. From the remain-
ing 751, 41 (5.4%), reported breathing pauses at
least once a week. We compared these subjects
with
’ ’
witnessed breathing stops’’ (WBS) to the 656
subjects who had
’ ’
rarely or never’’ such symptoms.
With the exception of height and of hip girth, all
demographic and anthropometric variables indi-
cated significant differences between the two
groups (Table 1). WBS subjects were older, heavier,
had larger neck- and waist girths and a larger W/H
ratio. The difference for hip girths was non-
significant. In respect to life habits, the WBS group
included more current smokers (39% vs. 29.6%) and
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Table 1 Anthropometric data in subjects with and without witnessed breathing pauses during sleep.
Breathing pauses during sleep P
Yes ( ¼ 41) No ( ¼ 656)
Age (years) 48.579.2 42.179.7 0.00005
Height (cm) 175.376.8 175.477.0 0.80
Weight (kg) 84.4714.3 79.3711.8 0.009
BMI (kg/m2) 27.574.6 25.873.6 0.016
Neck girth (cm) 40.673.2 39.872.7 0.048
Waist girth (cm) 97.07 12.5 92.3710.2 0.006
Hip girth (cm) 103.678.5 101.376.8 0.113
Waist/hip ratio 0.9370.07 0.9170.06 0.017
Active smoker (%) 39.0 29.6 0.371y
Regular planned exercise (h/week) 3.5676.0 3.1074.2 0.48
Unequal variances; Mann–Whitney test.
yP from w2.
Table 2 Witnessed breathing pauses during sleep: associations with sleep-disordered breathing symptoms
(univariate analysis).
Item Odds ratio 95% CI P
Habitual snoring 10.0 3.9–27.4 o0.0001
Loud snoring 8.7 3.8–20.5 o0.0001
Awareness of snoring 8.1 3.8–17.2 o0.0001
Wake up gasping, choking 111.4 21.1–785.2 o0.0001
Disruptive movements during sleep 7.3 3.4–15.8 o0.0001
Difficulty getting to sleep 1.6 0.6–3.9 ¼ 0.32
Wake up and hard time getting back to sleep 2.4 1.0–5.3 ¼ 0.025
Wake up repeatedly during night 2.7 1.2–5.7 o0.01
Wake up too early in the morning 3.2 1.6–6.3 o0.001
Not feel rested during day 2.9 1.3–6.0 o0.01
Very difficult to wake up in the morning 2.8 1.3–6.1 o0.01
Nightmares 1.6 0.0–7.6 ¼ 0.58’ ’
Restless legs’’ 7.6 3.0–19.2 o0.0001
Wake up with headaches 3.1 0.7–12.3 ¼ 0.07
Excessive daytime sleepiness 5.9 2.7–12.9 o0.0001
Nasal congestion or discharge at night 3.9 1.6–9.4 ¼ 0.002
Fall asleep or doze watching TV 3.9 1.9–7.8 o0.0001
Fall asleep to meetings, in church 33.2 8.1–144.8 o0.0001
Need coffee to stay awake 3.5 1.3–9.1 ¼ 0.0001
Fisher exact test.
D.B. Teculescu et al.1270took slightly more planned exercise (3.6 vs. 3.1 h/
week), but both these differences were not
significant.
In univariate analysis, WBS was highly signifi-
cantly associated with habitual snoring, loud
snoring, and with awareness of snoring. With
the exception of questions on
’ ’
difficulty getting
to sleep’’, on
’ ’
nightmares’’, and on
’ ’
wake up
with headaches’’, breathing stops during sleep
were also associated with practically all thesleep disturbances mentioned in the question-
naire (Table 2). Among the personal and
family medical history questions, a positive
answer to
’ ’
doctor-diagnosis of sleep apnoea’’, a
’ ’
history of stroke’’, and a
’ ’
history of sleep
apnoea in the father’’ were significantly asso-
ciated with WBS (Table 3). However, among 22
subjects with doctor diagnosis of sleep apnoea,
only 12 (55%) declared breathing pauses during
sleep.
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Table 3 Witnessed breathing pauses during sleep: associations with personal and family medical history
(univariate analysis).
OR 95% CI P
Doctor diagnosis of sleep apnoea 44.5 14.0–146.9 o0.0001
History of asthma 2.0 0.5–7.5 ¼ 0.23
History of chronic bronchitis 3.3 0.7–13.0 ¼ 0.10
Coronary heart disease 6.8 0.9–41.8 ¼ 0.06
Stroke 11.7 1.3–90.7 ¼ 0.04
Hypertension 4.1 1.7–9.4 o0.001
Allergy 0.6 0.2–1.7 ¼ 0.22
Sleep apnoea mother 4.9 0.00–48.6 ¼ 0.24
Sleep apnoea father 5.2 1.3–18.9 ¼ 0.02*
Fisher exact test.
Table 4 Factors independently associated with witnessed breathing pauses during sleep (logistic regression
model).
Item Adjusted OR 95% CI P
Awareness having been snoring 3.54 1.42–8.83 0.007
Loud snoring 2.88 1.08–7.64 0.034
Habitual snoring 2.72 0.94–7.87 0.064
Fall asleep or doze at TV 2.47 1.09–5.61 0.031
Odds ratios adjusted for age, weight, BMI, neck-and waist girth, and waist-to-hip ratio.
Sleep breathing in French males 1271As covariation could be suspected in many of
these items, in order to identify the factors
independently associated with WBS we applied
logistic regression analysis. The two stepwise
variants (forward and backward) of the logistic
regression identified the same four items indepen-
dently associated with the outcome: habitual
snoring, loud snoring, awareness having been snor-
ing, and fall asleep or doze before TV (Table 4). The
model did not retain any of the anthropometric
variables mentioned in Table 1. Forcing a personal
history (doctor diagnosis) of sleep apnoea into the
model increased the variance explained (from r2 ¼
0:23 to 0.29) and improved the maximal likelihood
(from log95.17 to 84.63) of the model.Discussion
In the sample of 751 middle-aged, active French
males investigated by self-completed sleep ques-
tionnaire, we found a prevalence of 5.4% witnessed
breathing pauses during sleep at least once per
week. Compared to the group giving a negative
response, the
’ ’
positive’’ subjects were older,heavier, had more central obesity, and a larger
neck circumference. In univariate analysis, 16 out
of 19 sleep disorder symptoms were significantly
associated with WBS. Also, among the nine items
concerning personal and familial medical history,
four (doctor-diagnosed sleep apnoea; personal
history of stroke; history of hypertension; and
history of sleep apnoea in the father) were
significantly associated with WBS. From the large
number of items quoted above, the logistic regres-
sion model retained four: three snoring character-
istics, and one index of daytime sleepiness, which
therefore emerged as independent determinants of
WBS during sleep (Table 4).
We believe some weak points of this study should
be discussed before going into details. The present
results cannot be extrapolated to the whole French
population, as we studied samples of active men
(not a community sample) in a region representing
less than 8% of the country population. Also, even if
spouses participated to the questionnaire comple-
tion, we cannot exclude under-reporting of this
important symptom in such populations as univer-
sity staff or bus drivers. In nearly half (45%) of
the subjects in this study with doctor-diagnosed
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D.B. Teculescu et al.1272sleep-apnoea, breathing pauses during sleep were
not detected by the bedmate. Accordingly, we
believe the present results should be regarded as a
minimum estimate of the symptom studied. On the
other side,
’ ’
physiologic’’ apnoeas at the beginning
(stage 1) of sleep12 are probably taken into account
by the bed partner, thus leading to overestimation
of WBS based on questionnaire surveys. Although
being aware of the influence of alcohol on sleep
apnoeas,13 we followed the approach of the
Madison University team and decided not to include
questions on alcohol consumption, questions which
would considerably reduce the participation rate,
as our subjects (bus drivers, teachers) would have
been particularly reluctant to answer. In prelimin-
ary contacts for the elaboration of the protocol,
the trade union representatives warned us against
asking
’ ’
sensitive’’ questions on alcohol specifically
in certain subjects (bus drivers). The strengths of
this study were the use of a structured question-
naire, previously used in important field surveys4,14
and validated by us, the study of a sample
homogenous in respect to gender and race, a
satisfactory participation rate, the exclusion of
subjects living single or answering
’ ’
don’t know’’,
and of the subgroup of subjects reporting breathing
pauses
’ ’
sometimes’’.
A number of field surveys used a sleep ques-
tionnaire to estimate the prevalence of breathing
pauses during sleep. As the duration of observed
breathing pauses is never measured by the bed
partner, it is impossible to directly compare
observed pauses and recorded PSG apnoeas, which,
by definition, are counted if longer than 10 s.
Between 1989 and 2004, nine studies reported
the prevalence of breathing pauses during sleep in
male subjects, with results varying between very
large limits—e.g. 1.5% and 19.2%.5–7,9,10,15–18 This
wide range can be explained by differences in
administration of the questionnaire (face-to-face
interview, phone interview, self-completed ques-
tionnaire) ,differences in size of the sample and
subject characteristics such as age (all ages, or
subjects older than 65 years) or ethnicity, as well as
by differences in perception of breathing pauses by
the bed partner. One group utilised an elaborated
knowledge-based system phone interview;10 only
two studies7,17 utilised a self-completed ques-
tionnaire. One should not be surprised to learn
that differences in the prevalence of breath-
ing pauses during sleep exist between Kentucky
Caucasians,16 Singapore Malay and Chinese6 and
Bombay Indians.18
The prevalence found by us 5.4%—is practically
identical to the 5.2% reported by Ohayon et al.10
in the UK and close to the 5% reported by Udwadiaet al.18 in Bombay. Confirming previous studies, we
found WBS to be associated in univariate analysis
with a large number (a total of 26) of items
(anthropometric data, sleep symptoms and perso-
nal or familial medical history data) Among the
latter, the association of WBS with a history of sleep
apnoea in the father should be stressed, as it
confirms the possible role of a
’ ’
familial factor’’ in
sleep apnoea.2 Most of the variables and symptoms
above are strongly associated; for sake of brevity,
only the results of the logistic regression on our
results, identifying the factors independently asso-
ciated with the studied outcome will be discussed
,and compared to the three previous investigations
applying logistic regression. O’Connor et al.7
applied the self-completed Wisconsin Question-
naire to a large number of subjects—participants
to the Sleep Heart Health Study. They reported a
reduction in breathing pauses during sleep after
the age of 70 and an effect of the racial-ethnic
group (American-Indians vs. non-Hispanic Whites
OR ¼ 1.50,CI 1.08–2.08); the later association
becoming non-significant with full adjustment
(OR ¼ 1.32). The authors specified that subjects
responding
’ ’
don’t know’’ were reclassified as
’ ’
no’’
responses, although recognising that this may result
in misclassification, as demonstrated by Bliwise et
al.19 for snoring. In the present study, only 3.8% of
the subjects responded
’ ’
don’t know’’ and were
excluded from the analysis, together with the 8.1%
living single. In the study by Bliwise et al.19
including old subjects (mean age 76 years), a
’ ’
don’t know’’ response was given by 28–44% of
the subjects, and the authors felt obliged to apply a
special analysis to this subgroup. In their
’ ’
Four
States’’ multicenter study, three factors were
found by Enright et al.9 to be independently
associated with breathing pauses during sleep,
namely marital status non-single, alcohol use, and
chronic bronchitis/airway obstruction. Alcohol is
known to induce sleep apnoeas,13 either by redu-
cing muscular tonus or by increasing the arousal
threshold. The effect of airway obstruction con-
firmed in a general population the known associa-
tion between sleep apnoeas and chronic airway
obstruction among patients referred to sleep
labs—the so called
’ ’
overlap syndrome’’.20 The
role of chronic bronchitis was confirmed in the
study of Ohayon et al.10 the four other factors
in their survey being age, the number of medi-
cal consultations, thyroid disease, and a non-
restorative sleep.
We were unable to confirm the independent role
of factors such as age, chronic bronchitis or non-
restorative sleep in the present study. In respect to
age, it should be stressed that its relation to
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Sleep breathing in French males 1273breathing pauses during sleep in not linear: both
Larsson et al.17 and O’Connor et al.7 reported a
lower prevalence after 60 or 70 years, respectively;
the explanation awaits longitudinal studies.2 Our
sample did not include subjects older than 66
years, medical consultations, alcohol use and
thyroid disease were not included in our question-
naire. In respect to chronic bronchitis, only 5.2%
of our subjects admitted to a positive history—
a low prevalence probably due to the low propor-
tion of smokers, and there was no association
with WBS.
The logistic regression performed on our results
identified three questions on snoring (awareness
having been snoring, loud snoring, and habitual
snoring) and one question on excessive daytime
sleepiness (fall asleep or doze at TV), as indepen-
dent determinants of WBS. The adjusted odds
ratios (adjusted for age, weight excess and body
circumferences) for these items were close to each
other, between 2.47 and 3.54 (Table 4). It is rather
surprising that these factors did not emerge in
previous studies. Indeed, in clinical setting, snoring
is closely associated to apnoeas;21 apnoeas are
responsible for sleep fragmentation and therefore
daytime sleepiness,22 and apnoeas are known to be
associated to systemic hypertension.23 Duran et al.3
reported on a significant association between
witnessed breathing pauses and PSG recorded
apnoeas (an apnoea–hypopnoea index greater than
15) in patients. However, the comparison of a 24%
prevalence of significant respiratory events (at
least five apnoeas per hour) recorded in commu-
nity males by Young et al.4 and the 5.4% (pre-
sent study) and 5.2% (Ohayon et al.)10 -prevalences
of WBS reported by questionnaire—suggests
that more than 75% of PSG recorded breath-
ing stops go unnoticed by the bed partner. On
the other hand, although PSG remains the golden
standard for apnoea diagnosis, its variability
cannot be neglected, and questionnaire informa-
tion is considered more reproducible by some
authors.24
The natural history of breathing pauses during
sleep is poorly known. In the study by Martikainen
et al.25 in a sample of men aged 36–50 years at
baseline, the prevalence of breathing pauses rose
from 4.7% to 7.0% over 5 years—a 0.46% per year
increase. As in-laboratory PSG is an expensive,
technically demanding, and time-consuming proce-
dure,2,3 means for screening or prioritising patients
referred as suspects for PSG are bitterly needed.
Kapuniai et al.26 proposed an
’ ’
apnoea score’’
based on
’ ’
stops breathing’’ and
’ ’
loud snoring’’
(i.e. items confirmed in the present study) to
screen patients before a sleep study; their scorehad a predictive accuracy of 88% for an apnoea
index 410. Crocker et al.27 also used a statistical
model developed from clinical data: the factors
selected by logistic regression (apnoeas observed
by bed partner, hypertension, BMI, and age)
predicted satisfactorily an AHI415.
In conclusion, using a self-completed French
translation of the Wisconsin Sleep Questionnaire in
a sample of active middle-aged men from north-
eastern France we found a prevalence of 5.4%
breathing pauses witnessed by the bed partner, a
figure very close to the 5.2% reported from the
UK.10 A logistic regression procedure identified as
independent correlates of WBS factors well known
in clinical setting (loud and habitual snoring,
excessive daytime sleepiness) but never previously
identified in epidemiological surveys.Acknowledgements
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